Introduction {#s1}
============

Neutrophils play a central role in innate immunity, acting as the first line of host defense against invading organisms. They are the predominant cell type involved in the cellular phase of acute inflammation. Their role in the inflammatory process was once thought to be restricted to phagocytosis and the release of cytotoxic agents, such as superoxide and other reactive oxygen species [@pone.0044606-Cassatella1]. It is now known that these cells have also the capacity to synthesize a large number of pro-inflammatory cytokines, chemokines and growth factors, in response to a variety of stimuli [@pone.0044606-Cassatella1]. Neutrophil activation leads to the development and maintenance of inflammatory response, but also to the resolution of inflammation by neutralization of the offending insult. These cells are removed from tissues by programmed cell death and phagocytosis, avoiding the release of harmful substances and promoting a return to homeostasis. Thus, a prolonged activation of neutrophils or delayed apoptosis contributes to maintaining chronic inflammation and leads, in turn, to damage to surrounding tissues [@pone.0044606-Filep1].

Glucocorticoids (GCs) are potent anti-inflammatory drugs used for the treatment of chronic inflammatory and immune conditions. Neutrophils are, however, generally considered less responsive to GCs compared to other inflammatory cells [@pone.0044606-Schleimer1], [@pone.0044606-Schleimer2]. This is due to the lack of inhibitory effects of these drugs on neutrophils' degranulation, chemotaxis or release of arachidonic acid metabolites [@pone.0044606-Schleimer3]. Furthermore, GCs increase human neutrophil survival [@pone.0044606-Cox1], [@pone.0044606-Meagher1]. Chronic conditions associated with neutrophilic inflammation, such as severe asthma and chronic obstructive pulmonary disease (COPD), also tend to be clinically resistant to corticotherapy [@pone.0044606-Barnes1], [@pone.0044606-Ordonez1], [@pone.0044606-Wenzel1], [@pone.0044606-Wenzel2], [@pone.0044606-Yang1], [@pone.0044606-Barnes2]. Conversely, these drugs have also been shown to down-regulate the production of several cytokines and adhesion molecules in rat [@pone.0044606-alMokdad1], human [@pone.0044606-Strandberg1], [@pone.0044606-Nupponen1], [@pone.0044606-Wertheim1], bovine [@pone.0044606-Burton1], [@pone.0044606-Weber1] and equine [@pone.0044606-Lecoq1] neutrophils. These studies question the proposed inherent corticoresistance of neutrophils. Comparative potencies of GCs on neutrophils and other leukocytes have not been thoroughly studied and would be an alternative way to measure sensitivity of neutrophils to these drugs.

Based on these findings, we compared the effects of three different glucocorticoids through gene expression and cell survival assays in equine peripheral blood neutrophils and neutrophil-depleted leukocytes. To determine if the response is species specific, we also studied human leukocytes. We hypothesized that GCs exert effects of similar magnitude on neutrophils and neutrophil-depleted leukocytes in both species.

Materials and Methods {#s2}
=====================

Ethics Statement {#s2a}
----------------

Six healthy adult mixed-breed mares (weighing 450--500 kg; mean ± SD, 11±2.7 years of age) and 4 healthy non-smoker adult female volunteers (mean ± SD, 28±1.6 years of age) were studied. Mares were part of the Faculty of Veterinary Medicine of the Université de Montréal research herd. All animal experimental procedures were performed in accordance with the guidelines of the Canadian Council on Animal Care and were approved by the Animal Care Committee of the Faculty of Veterinary Medicine of the Université de Montréal (10-Rech-1514). This study was also approved by the Ethic Research Committee of the Faculty of Medicine of the Université de Montréal (Protocol 11-029-CERFM-D) and an informed, written consent was obtained from the healthy human volunteers.

Neutrophil and Neutrophil-depleted Leukocyte Isolation {#s2b}
------------------------------------------------------

Equine and human blood was drawn into heparinized sterile tubes (Groupe Tyco Medical, Pointe-Claire, QC, CA).

### Equine neutrophil isolation {#s2b1}

Neutrophils were isolated from the blood using density gradient and immunomagnetic selection to achieve high cell purity. Briefly, the polymorphonuclear-rich cell layer was harvested following centrifugation of whole blood on a density gradient solution composed of sodium metrizoate and Dextran 500 (Lympholyte®-poly Cell Separation Media, Cedarlane Laboratories, Burlington, ON, CA) according to the manufacturer's instructions. The remaining red blood cells (RBCs) were lysed by hypotonic treatment. Cells were then resuspended in degassed PBS-buffer (w/o Ca^2+^/Mg^2+^, pH 7.2; 0.5% BSA, Invitrogen, Carlsbad, CA, USA; 2 mM EDTA, Sigma-Aldrich, St. Louis, MO, USA).

Positive immunomagnetic selection (MACS® Cell Separation, Miltenyi Biotec Bergisch Gladbach, GER) was then performed as described previously with minor modifications [@pone.0044606-Joubert1]. Briefly, the polymorphonuclear-rich cell suspension obtained as described above was incubated with a primary monoclonal antibody directed against equine neutrophils (Anti-Thy1, VMRD, Pullman, WA, USA) and a secondary rat anti-mouse IgM antibody conjugated to paramagnetic microbeads (MACS® Cell Separation). The cells were then loaded on a ferromagnetic LS separation column (MACS® Cell Separation) and neutrophils eluted in the positive cell fraction were pelleted and resuspended in degassed-PBS buffer.

### Equine neutrophil-depleted leukocyte isolation {#s2b2}

Neutrophil-depleted leukocyte isolation was performed using negative immunomagnetic selection (MACS® Cell Separation) as described earlier [@pone.0044606-LavoieLamoureux1]. Briefly, neutrophils were isolated using positive immunomagnetic selection (MACS® Cell Separation) as described above, neutrophil-depleted leukocytes eluted in the negative cell fraction were pelleted and the RBCs were removed with isotonic NH~4~Cl solution (155 mM NH~4~Cl, 10 mM KHC0~3~, 0.1 mM EDTA, pH 7.4, all products from Sigma-Aldrich, St. Louis, MO, USA). Cells were washed twice in degassed-PBS buffer using low speed centrifugation (1000 rpm, 10 min, GS-6R Centrifuge, Beckman, Brea, CA, USA) to remove platelets.

Cytospin slides were prepared (Shandon Cytospin 2, Thermo Scientific now part of Thermo Fisher Scientific, Pittsburgh, PA, USA) and stained with Protocol Hema 3 (Fisher Scientific, now part of Thermo Fisher Scientific, Pittsburgh, PA, USA) for differential counting of ≥400 cells to assess purity. Viability was determined by ADAM automatic Cell Counter (Montreal-Biotech Inc., Montréal, QC, CA). The purity and viability of equine neutrophils were ≥99.5% and ≥95.0% respectively. The purity and viability of neutrophil-depleted leukocytes were ≥91.5% and ≥96.5% respectively.

### Human neutrophil and neutrophil-depleted leukocyte isolation {#s2b3}

Human granulocytes were isolated from whole blood using dextran sedimentation and Ficoll-Paque™ gradient (Ficoll-Paque™ Premium 1.084, GE Healthcare Biosciences, Uppsala, SE) as described previously [@pone.0044606-Haslett1] with minor modifications. Neutrophil-depleted leukocyte layer was harvested following whole blood centrifugation on Ficoll-Paque™ gradient, resuspended in degassed-PBS buffer and kept on ice for 1 h until further use. Granulocyte pellet was resuspended in degassed-PBS buffer after RBCs were removed with isotonic NH~4~Cl solution.

Neutrophil positive immunomagnetic selection by MACS® was then performed according to the manufacturer's instructions. Briefly, neutrophils were obtained from the granulocyte suspension by incubation with a monoclonal mouse anti-human CD16 antibody conjugated to paramagnetic microbeads (MACS® Cell Separation) before being loaded on a ferromagnetic LS separation column (MACS® Cell Separation). Neutrophils eluted in the positive cell fraction were pelleted and resuspended in degassed-PBS buffer. The purity and viability of human neutrophils were ≥99.7% and ≥91.5% respectively. The purity and viability of human mononuclear cells were ≥93.5% and ≥97.5% respectively.

Cell Culture {#s2c}
------------

After isolation, cells were washed twice and resuspended in complete culture medium at 5×10^6^ cells/mL for neutrophils and between 2 to 5×10^6^ cells/mL for neutrophil-depleted leukocytes. Components of medium were RPMI 1640 supplemented with 10% heat inactivated low-endotoxin FBS, 2 mM ~L~-glutamine, 100 U/mL penicillin and 100 µg/mL streptomycin (all products from GIBCO®, Invitrogen, Carlsbad, CA, USA). Cells were cultured in 6- or 12-well plates (non-treated plastic, UltiDent Scientific, St. Laurent, QC, CA) in the presence or absence of lipopolysaccharide (LPS) from Escherichia coli 0∶111B4 (100 ng/mL in Dulbecco's PBS) alone or combined with hydrocortisone, prednisolone or dexamethasone (10^−8^ M and 10^−6^ M in ethanol) (all products from Sigma-Aldrich, St. Louis, MO, USA). Cells were incubated at 37°C in a 5% CO~2~ atmosphere for 5 h. Cell viability was assessed before homogenization in TRIzol® reagent (Invitrogen, Carlsbad, CA, USA).

RNA Extraction and Reverse Transcription {#s2d}
----------------------------------------

Total cellular RNA extraction was performed according to the manufacturer's instructions using a three-step nucleic acid precipitation with 0.2 volume of chloroform, 1 volume of isopropanol and 75% ethanol (TRIzol® reagent; Invitrogen, Carlsbad, CA, USA). RNA pellets were air-dried, and total RNA concentration and purity were evaluated by spectrophotometry (NanoDrop 2000, Thermo Scientific®, Thermo Fisher Scientific, Waltham, MA, USA). Five hundred nanograms of total RNA were retro-transcribed into cDNA as described elsewhere [@pone.0044606-LavoieLamoureux2].

Quantitative PCR {#s2e}
----------------

Quantitative PCR (qPCR) reactions were performed with the Rotor-Gene RG-3000 (Corbett Research, Sydney, AS) as previously described with minor modifications [@pone.0044606-LavoieLamoureux2]. One microliter of cDNA template was added to the QuantiTect® SYBR® Green PCR Master Mix (Qiagen, Toronto, ON, CA) in a 20-µL final PCR volume containing 0.5 µM each sense and antisense primers and MgCl~2.~ Equine and human specific primers ([Table S1](#pone.0044606.s001){ref-type="supplementary-material"}) were designed to span exon-intron boundaries to prevent amplification of genomic DNA. qPCR conditions were optimized for all primer sets. Amplification conditions included a denaturation step of 10 min at 95°C followed by a maximum of 40 cycles of denaturation, annealing and elongation steps. Each reaction was run in duplicate with an appropriate negative control. All concentrations of target gene cDNA were calculated relatively to their respective standard curves. Absolute values were corrected using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as a reference gene. Gene expression was reported as the relative variation (fold increase) to unstimulated cell mRNA levels (arbitrary value of 1).

Flow Cytometry {#s2f}
--------------

### Equine neutrophil isolation and culture {#s2f1}

Equine neutrophils were isolated from whole blood using a density gradient centrifugation technique (Lympholyte®-poly Cell Separation Media) according to the manufacturer's instructions. The remaining RBCs were lysed by short treatment of the pellet fraction with isotonic NH~4~Cl solution. As a subsequent neutrophil positive immunomagnetic selection by MACS affected viability, this step was not performed. Neutrophils purity and viability were ≥93.5% and ≥98.5% respectively. After isolation, equine neutrophils were washed twice and resuspended at 1×10^6^ cells/mL in complete culture medium. Cells were then incubated at 37°C in a 5% CO~2~ atmosphere for 20 h in the presence of hydrocortisone, prednisolone or dexamethasone (10^−8^ M and 10^−6^ M) or their vehicle (ethanol) as a negative control.

### Quantification of neutrophil survival {#s2f2}

After 20 h of culture, neutrophil count was determined by ADAM automatic Cell Counter (Montreal-Biotech Inc., Montréal, QC, CA). As cell loss appeared more marked in unstimulated cells compared to GC-treated neutrophils, this factor was taken into account when calculating the percentages of viable and apoptotic neutrophils. Neutrophil survival was assessed by flow cytometry. Cells were washed twice with cold Dulbecco's PBS (Invitrogen, Carlsbad, CA, USA) and resuspended in binding buffer?at a concentration of 10^7^ cells/mL. One hundred microliters of the cell suspension was incubated with 5 µL of APC Annexin V, an apoptosis cell marker and 5 µL of 7-Aminoactinomycin D (7-AAD), a necrosis cell marker (BD Pharmingen™, San Diego, CA, USA) for 15 min at room temperature in the dark. Finally, 400 µL of binding buffer was added to each tube. Cells were placed on ice and analyzed within 1 h by flow cytometry. Data were collected from 10,000 events gated on granulocytes and analyzed using CellQuest Pro software on a FACScalibur instrument (BD Biosciences, Mississauga, ON, CA). Unstained cells as well as single marker-stained cells were used to set photomultipliers voltage and compensation parameters for fluorescence detection in FL-3 and FL-4 channels. APC Annexin V-negative and 7-AAD-negative cells were considered viable.

Neutrophil survival was also determined using light microscopy analysis. Briefly, after 20 h of culture, neutrophils were sedimented by cytocentrifugation on a glass microscope slide and stained with Protocol Hema 3 method. One blinded investigator assessed the percentage of viable and apoptotic neutrophils on cytospin preparations by analysis of 500 cells per slide. Identification of nuclear changes such as condensation of chromatin, simplification of nuclear structure and cytoplasmic vacuolation were considered characteristic of apoptosis and allowed distinction between viable and apoptotic cells [@pone.0044606-Fialkow1].

Statistical Analysis {#s2g}
--------------------

Data obtained from qPCR and flow cytometry survival experiments were analyzed using repeated-measures linear models. Treatment served as a within-subject factor for each equine cell population, which was analyzed separately. A priori contrasts were done between pairs of treatment means adjusting comparison-wise alpha levels using the sequential Bonferroni correction procedure to ensure that the family-wise error rate remained at the nominal level of 0.05. Gene expression between unstimulated cells and LPS-stimulated cells in equine and human cell populations was compared using a paired t-test. A paired t-test was also used to compare gene expression between treatments within neutrophils and neutrophil-depleted leukocytes in both species and between both doses of each GC within equine neutrophils. Dexamethasone percentage of inhibition of mRNA expression was compared between equine and human neutrophils using a two-sample t-test for unequal variances. Unilateral tests were used when testing predictions. Finally, neutrophil survival assessed by flow cytometry and light microscopy was compared using a mixed linear model with individual as a random factor. As variation between horses (1.8%) proved negligible, the random effect was ignored and a simple linear regression was performed.

Results {#s3}
=======

Glucocorticoids Exert Dose-dependent Effects on Gene Expression in Equine Neutrophils {#s3a}
-------------------------------------------------------------------------------------

To assess whether GCs exert a dose-dependent effect on mRNA expression, equine neutrophils were incubated in the presence of LPS alone or combined with hydrocortisone, prednisolone or dexamethasone at 10^−8^ M and 10^−6^ M (n = 3). The mRNA expression of genes that are either repressed (interleukin-1beta, IL-1β; tumor necrosis factor alpha, TNF-α; interleukin-8, IL-8; and glucocorticoid receptor-alpha, GR-α) or induced (glutamine synthetase) by GCs was evaluated using qPCR ([Figure 1](#pone-0044606-g001){ref-type="fig"}).

![Concentration-dependent effects of glucocorticoids on gene expression in equine peripheral blood neutrophils.\
Neutrophils were isolated from the blood of 3 healthy horses and were incubated for 5 h with or without lipopolysaccharide (100 ng/mL) combined with hydrocortisone (HC), prednisolone (PRED), dexamethasone (DEX) at 10^−8^ M and 10^−6^ M. Following culture, mRNA expression of pro-inflammatory cytokines (IL-1β, TNF-α and IL-8; A, B and C), glutamine synthetase (D) and GR-α (E) was quantified by qPCR. Absolute values were corrected using GAPDH as a reference gene. Gene expression was reported as the relative variation (fold increase) to unstimulated cell mRNA levels (arbitrary value of 1). Bars represent means. \*Significant difference between treatments (p≤0.020).](pone.0044606.g001){#pone-0044606-g001}

Although there was a trend for a greater inhibitory effect of prednisolone and hydrocortisone on TNF-α mRNA expression at 10^−6^ M compared to 10^−8^ M, this difference was not significant (p = 0.069 and p = 0.052 respectively; [Figure 1](#pone-0044606-g001){ref-type="fig"}.B). All three GCs exerted a similar inhibitory effect at both concentrations on IL-1β and IL-8 mRNA expression ([Figure 1](#pone-0044606-g001){ref-type="fig"}.A and 1.C). A significant dose- effect on glutamine synthetase mRNA expression was demonstrated for hydrocortisone (p = 0.020) and prednisolone (p = 0.009; [Figure 1](#pone-0044606-g001){ref-type="fig"}.D). Unexpectedly, dexamethasone down-regulated GR-α mRNA expression in equine neutrophils, at 10^−8^ M only (p = 0.003). There was also a trend for a greater inhibitory effect of prednisolone on GR-α mRNA expression at the lowest dose compared to 10^−6^ M (p = 0.112; [Figure 1](#pone-0044606-g001){ref-type="fig"}.E).

Glucocorticoids Exert Effects on Gene Expression in Neutrophils and Neutrophil-depleted Leukocytes in Both Species {#s3b}
------------------------------------------------------------------------------------------------------------------

We next compared the inhibitory effects of GCs on LPS-induced mRNA expression of pro-inflammatory cytokines in equine neutrophils and neutrophil-depleted leukocytes using 10^−6^ M dose ([Figure 2](#pone-0044606-g002){ref-type="fig"}.A, 2.B and 2.C). We observed a significant LPS-induced increase in IL-1β (10-fold increase, p≤0.045) and IL-8 (5-fold increase, p≤0.012) mRNA expression in both cell populations. LPS significantly stimulated TNF-α mRNA expression in equine neutrophils only (10-fold increase, p = 0.033). All three GCs down-regulated the LPS-induced IL-1β (p≤0.001), TNF-α (p≤0.004) and IL-8 (p≤0.010) mRNA expression in equine neutrophils except for hydrocortisone, for which the effect on IL-8 expression did not reach significance after Bonferroni correction (p = 0.050). As for neutrophil-depleted leukocytes, prednisolone significantly down-regulated the LPS-induced IL-8 mRNA expression (p = 0.006). Hydrocortisone and dexamethasone also inhibited IL-8 mRNA expression, but to a lesser extent (p = 0.036 and p = 0.014 respectively, not statistically significant after Bonferroni correction).

![Glucocorticoid effects on gene expression in equine peripheral blood neutrophils and neutrophil-depleted leukocytes.\
Neutrophils and neutrophil-depleted leukocytes were isolated from the blood of 6 healthy horses and were incubated for 5 h with or without lipopolysaccharide (LPS; 100 ng/mL) alone or combined with hydrocortisone (HC), prednisolone (PRED), dexamethasone (DEX) at 10^−6^ M. Following culture, mRNA expression of pro-inflammatory cytokines (IL-1β, TNF-α and IL-8; A, B and C), glutamine synthetase (D) and GR-α (E) was quantified by qPCR. Absolute values were corrected using GAPDH as a reference gene. Gene expression was reported as the relative variation (fold increase) to unstimulated cell mRNA levels (arbitrary value of 1). Bars represent means + SEM. \*Significant effect of treatment over LPS-stimulated cells (p≤0.014). †Significant difference between treatments (p = 0.009).](pone.0044606.g002){#pone-0044606-g002}

We also assessed the transactivating effect of GCs on glutamine synthetase mRNA expression in equine neutrophils and neutrophil-depleted leukocytes ([Figure 2](#pone-0044606-g002){ref-type="fig"}.D). All three GCs significantly induced glutamine synthetase mRNA expression within both cell populations (p≤0.014). Hydrocortisone had a weaker effect on glutamine synthetase mRNA expression compared to dexamethasone in equine neutrophils (p = 0.009).

Finally, the effect of GCs on their cytosolic receptor mRNA expression was studied. The reduced GR-α mRNA expression caused by dexamethasone in neutrophils was not significant (p = 0.012, not statistically significant after Bonferroni correction; [Figure 2](#pone-0044606-g002){ref-type="fig"}.E). LPS had no significant effect on glutamine synthetase and GR-α mRNA expression.

In order to evaluate a species-specific effect of GCs, human neutrophil and neutrophil-depleted leukocyte response to dexamethasone (10^−6^ M, n = 4) was similarly studied ([Figure 3](#pone-0044606-g003){ref-type="fig"}.A). LPS increased IL-8 (p≤0.026) and TNF-α mRNA expression (p≤0.024) in both cell populations, while IL-1β mRNA expression was significantly increased in human neutrophil-depleted leukocytes only (p = 0.036). Dexamethasone down-regulated IL-8 (p≤0.025) and TNF-α (p≤0.022) mRNA expression within each cell population. However, despite a reduced IL-1β mRNA expression caused by dexamethasone within neutrophils in all human volunteers, this effect was not statistically significant (p = 0.086).

![Glucocorticoid effects on pro-inflammatory cytokines gene expression in human peripheral blood neutrophils and neutrophil-depleted leukocytes.\
Neutrophils and neutrophil depleted leukocytes were isolated from the blood of 4 healthy human volunteers and were incubated for 5 h with or without lipopolysaccharide (LPS; 100 ng/mL) alone or combined with dexamethasone (DEX) at 10^−6^ M. Following culture, mRNA expression of proinflammatory cytokines (IL-1β, TNF-α and IL-8) was quantified by qPCR. Absolute values were corrected using GAPDH as a reference gene. A. Gene expression was reported as the relative variation (fold increase) to unstimulated cell mRNA levels (arbitrary value of 1). Bars represent means. \*Significant effect of treatment over LPS-stimulated cells (p≤0.050). B. Dexamethasone percentage of inhibition on LPS-induced mRNA expression was compared between cell populations. A 100% inhibition means that mRNA expression returned to unstimulated cell basal mRNA level. Bars represent means. †Significant effect of treatment between cell populations (p = 0.048).](pone.0044606.g003){#pone-0044606-g003}

These Effects were Shown to be Similar between Cell Populations and between Species {#s3c}
-----------------------------------------------------------------------------------

The inhibitory and transactivating effects of GCs on gene expression in neutrophils and neutrophil-depleted leukocytes of equine and human subjects were compared. IL-1β (p = 0.046; [Figure 4A](#pone-0044606-g004){ref-type="fig"}) and TNF-α (p = 0.048; [Figure 3](#pone-0044606-g003){ref-type="fig"}.B) mRNA expression in equine and human neutrophils respectively, was more strongly inhibited by dexamethasone than in other blood leukocytes. Moreover, the three drugs had also a greater transactivating effect on glutamine synthetase mRNA expression in equine neutrophils compared to neutrophil-depleted leukocytes (from a 20- to 50-fold increase in neutrophils compared to a 2-fold increase in other leukocytes; p≤0.007; [Figure 2](#pone-0044606-g002){ref-type="fig"}.D). Equine TNF-α and GR-α mRNA expression was not studied as there was neither effect of LPS nor effect of GCs on both cell populations. Except for genes mentioned above, GCs exerted effects of similar magnitude in both cell populations for both species.

![Comparison of glucocorticoid inhibitory effects between equine cell populations.\
Neutrophils and neutrophil depleted leukocytes were isolated from the blood of 6 healthy horses and were incubated for 5 h with or without lipopolysaccharide (LPS; 100 ng/mL) alone or combined with hydrocortisone (HC), prednisolone (PRED), dexamethasone (DEX) at 10^−6^ M. Following culture, mRNA expression of pro-inflammatory cytokines (IL-1β and IL-8; A and B) was quantified by qPCR. Absolute values were corrected using GAPDH as a reference gene. GC percentage of inhibition on LPS-induced mRNA expression was compared between cell populations. A 100% inhibition means that mRNA expression returned to unstimulated cell basal mRNA level. Bars represent means + SEM. \*Significant effect of treatment between cell populations (p = 0.046).](pone.0044606.g004){#pone-0044606-g004}

To evaluate possible interspecies difference, we compared the effects of dexamethasone between human and equine neutrophils. Dexamethasone had a similar inhibitory effect in both human and equine neutrophils for IL-1β and IL-8 ([Figure 5](#pone-0044606-g005){ref-type="fig"}.A and 5.C). However, a stronger transrepressing effect on TNF-α mRNA expression was observed in equine neutrophils when compared to human neutrophils (p = 0.013; [Figure 5B](#pone-0044606-g005){ref-type="fig"}).

![Comparison of dexamethasone inhibitory effect in equine and human neutrophils.\
Neutrophils were isolated from the blood of 6 healthy horses and 4 healthy human volunteers and were incubated for 5 h with or without lipopolysaccharide (LPS; 100 ng/mL) alone or combined with dexamethasone (DEX) at 10^−6^ M. Following culture, mRNA expression of pro-inflammatory cytokines (IL-1β, TNF-α and IL-8; A, B and C) was quantified by qPCR. Absolute values were corrected using GAPDH as a reference gene. Dexamethasone percentage of inhibition on LPS-induced mRNA expression was compared between both species. A 100% inhibition means that mRNA expression returned to unstimulated cell basal mRNA level. Bars represent means + SEM. \*Significant effect of treatment between cell populations (p = 0.013).](pone.0044606.g005){#pone-0044606-g005}

Finally, to ensure that GCs delayed equine neutrophil apoptosis as seen in humans [@pone.0044606-Cox1], [@pone.0044606-Meagher1] neutrophil survival was assessed by flow cytometry and light microscopy. Indeed, hydrocortisone (10^−6^ M), prednisolone and dexamethasone (both at 10^−6^ M and 10^−8^ M) significantly increased the survival in equine neutrophils as assessed by flow cytometry (p≤0.001; [Figure 6](#pone-0044606-g006){ref-type="fig"}.A). A strong linear relationship was documented between values obtained by flow cytometry and by light microscopy ([Figure 6](#pone-0044606-g006){ref-type="fig"}.B; r^2^ = 0.67, p\<0.0001, n = 6).

![Glucocorticoids increase survival in equine peripheral blood neutrophils.\
A. Freshly isolated equine neutrophils (n = 6) were incubated for 20 h in the absence or presence of hydrocortisone (HC), prednisolone (PRED), dexamethasone (DEX) at 10^−6^ M and 10^−8^ M. The number of viable cells was assessed by flow cytometry using APC Annexin V/7-AAD staining. APC Annexin V and 7-AAD negative cells were considered as viable cells. Bars represent means + SEM. \*Significant effect of treatment over unstimulated cells (p≤0.001). B. The percentage of viable cells was assessed by flow cytometry using APC Annexin V/7-AAD staining (x axis) and by light microscopy (y axis) and analyzed using a simple linear regression (linear regression slope R^2^ = 0.67, p\<0.0001).](pone.0044606.g006){#pone-0044606-g006}

Discussion {#s4}
==========

In the present study, we investigated the believed relative GC-insensitivity of neutrophils by comparing the response of LPS-stimulated peripheral blood neutrophils and neutrophil-depleted leukocytes from healthy horses and human volunteers to 3 commonly prescribed drugs. We found that GCs exert gene-specific, cortico-specific and concentration-dependent genomic effects within each cell population. Also neutrophils were found to be at least as responsive as other blood leukocytes to GCs in both species. Taken together, these results challenge the concept that the poor response to corticotherapy observed in some chronic neutrophilic diseases is due to an inherent attenuated response of neutrophils to GCs.

The effects of GCs occur through binding and activation of the cytoplasmic GR-α isoform. After translocation to the nucleus, GC-GR-α complex interferes with pro- and anti-inflammatory genes via transcription factors such as NF-κB [@pone.0044606-Barnes3], [@pone.0044606-Nicolaides1], [@pone.0044606-Pujols1]. GCs have also been shown to inhibit inflammation without requiring gene interaction, in a short-time, generally within minutes. These non-genomic effects of GCs on neutrophils were reported to be lesser than other inflammatory cells in an earlier study [@pone.0044606-Schleimer3]. This led to the assertion that neutrophils are inherently less sensitive to GCs compared to other leukocytes. However, our group recently showed that dexamethasone potently reduced the oxidative respiratory burst in equine neutrophils at a physiologic dose as also used by Schleimer and colleagues when studying human neutrophils (*i.e.* 10^−6^ M) [@pone.0044606-Schleimer3]. Furthermore, a marked reduction of reactive oxygen species generation was observed in both neutrophils and mononuclear cells following intravenous administration of dexamethasone in human healthy subjects [@pone.0044606-Dandona1]. Taken together, these findings question the hypothesis of an attenuated response to GCs through the non-genomic pathway in neutrophils.

We thus investigated herein the genomic effects of GCs in neutrophils and neutrophil-depleted leukocytes harvested from the same equine and human subjects. We observed a decreased expression of pro-inflammatory cytokines by GCs in neutrophils from both species. These findings are in agreement with, and extent the previous findings that GCs inhibits pro-inflammatory gene expression in neutrophils in different species [@pone.0044606-alMokdad1], [@pone.0044606-Strandberg1], [@pone.0044606-Nupponen1], [@pone.0044606-Wertheim1], [@pone.0044606-Burton1], [@pone.0044606-Weber1], [@pone.0044606-Lecoq1]. This effect was also observed in neutrophil-depleted leukocytes however to a lesser extent for some genes (IL-1β and TNF-α). Moreover, dexamethasone down-regulated LPS-induced pro-inflammatory cytokines to their basal level of mRNA expression in human neutrophils while a residual effect of LPS still persisted in neutrophil-depleted leukocytes. These findings do not necessary imply stronger effects on neutrophils, as neutrophil-depleted leukocytes may have different kinetics for GC effects on pro-inflammatory gene expression. Nevertheless, the expression of glutamine synthetase, a glucocorticoid-inducible gene [@pone.0044606-Chandrasekhar1], [@pone.0044606-Gaunitz1], was increased by GCs to a greater extent in neutrophils compared to neutrophil-depleted leukocytes. In overall, GCs exerted effects of similar magnitude between cell populations in both human and equine subjects. We also found that equine and human neutrophils responded similarly to GCs. To our knowledge, this is the first report comparing the GC effects between equine and human neutrophils.

Dexamethasone is considered to be approximately 6--12 times and 25 times more potent than prednisolone and hydrocortisone, respectively. These conclusions are based on *in vivo* human and animal studies and *in vitro* experiments using a transactivation assay of cells transfected with human GR [@pone.0044606-Grossmann1]. In the present study, we observed that dexamethasone was only twice as potent as hydrocortisone at inhibiting or transactivating mRNA expression. Dosages may have contributed to these apparent differences, as GC concentrations used to calculate GC potency in previous reports were far below those we studied. Also, the experimental settings we used differed from those of Grossmann and colleagues [@pone.0044606-Grossmann1], possibly also contributing to these differences. Our group recently reported a significant improvement in pulmonary function mediated by prednisolone and dexamethasone in heaves-affected horses, a disease that share many features of human asthma [@pone.0044606-Leclere1]. To achieve equivalent potencies, doses for both drugs administrated were calculated based on their oral bioavaibility and reported ratios [@pone.0044606-Grossmann1]. Yet, dexamethasone was found more effective than prednisolone in treatment of heaves-affected horses. Balance between genomic and non-genomic effects [@pone.0044606-Buttgereit1], influence of cell type, various affinities for the GR [@pone.0044606-Grossmann1] may also explain differences observed in reported relative potencies of GCs.

The concentrations studied here were chosen because they are reached systemically at dosage commonly prescribed for dexamethasone in horses [@pone.0044606-Grady1] and other GCs in humans [@pone.0044606-Czock1], [@pone.0044606-Xu1]. In addition, GR saturation threshold ranges from 10^−8^ M to 10^−6^ M, as reported in a study performed on purified rat peritoneal mast cells [@pone.0044606-WalajtysRode1]. A maximal effect was not reached for all genes at 10^−8^ M in the present study however. For instance, hydrocortisone and prednisolone had a lesser transactivating effect on glutamine synthetase mRNA expression at 10^−8^ M, whereas a maximal potency at inhibiting IL-1β and IL-8 gene expression was already present at this concentration. This highlights the finely tuned regulation of the genomic pathway of GCs in neutrophils.

We chose LPS as the agonist to stimulate cells, as humans and horses are highly LPS-sensitive species [@pone.0044606-Burrows1], [@pone.0044606-Berczi1], [@pone.0044606-PalssonMcDermott1]. Unexpectedly, the responsiveness to LPS we observed differed between cell populations of humans and horses. Equine neutrophils were shown to be more responsive to LPS than equine neutrophil-depleted leukocytes and, inversely for human cell populations. Human monocytes were shown to express LPS-signaling cell surface receptors Toll-like receptor 2 (TLR2), TLR4, and CD14 at higher levels than neutrophils [@pone.0044606-Sabroe1]. In addition, human neutrophils were shown to express 10 to 20-fold less cytokines mRNA than monocytes [@pone.0044606-Cassatella1]. In our study, the percentage of monocytes in horses and human volunteers were 15.0±6.7 and 27.5±8.7 (mean ± SD) respectively. We hypothesized that variations in the percentage of monocytes within neutrophil-depleted leukocytes contributed to the different response patterns towards LPS in both species. LPS had no effect on GR-α mRNA expression in equine neutrophils and neutrophil-depleted leukocytes, while LPS combined with dexamethasone down-regulated GR-α mRNA expression. Nevertheless, LPS was reported to reduce GR mRNA expression in lung tissue in a rat model of acute lung injury model [@pone.0044606-Wang1]. Thus, a decrease in GR expression in neutrophils in LPS associated diseases may lead to loss of GC efficacy and corticoresistance.

Human and equine neutrophils participate to the immunomodulation of acute phase inflammation by the release of potent pro-inflammatory cytokines and chemokines, such as IL-1β, TNF-α, IL-6, IL-8 and macrophage inflammatory protein-2 [@pone.0044606-Cassatella1], [@pone.0044606-Joubert1], [@pone.0044606-Cassatella2]. A prolonged activation through a delayed apoptosis of neutrophils may contribute to sustained inflammation and result in massive damage in surrounding tissues. Several *in vitro* studies have shown that GCs increase human neutrophil survival by delaying apoptosis [@pone.0044606-Cox1], [@pone.0044606-Meagher1]. Although molecular mechanisms implicated in these responses remain poorly understood, studies suggested that both genomic and non-genomic pathways may be involved. Various mechanisms for GC-mediated inhibition of apoptosis have been proposed including up-regulation of anti-apoptotic Bcl-2 and IAPs family members [@pone.0044606-Saffar1]. For instance, it has been demonstrated that dexamethasone induces survival and enhances Mcl-1, an inhibitor of Bax, a pro-apoptotic Bcl-2 family member, via PI3K and p38 MAPK kinases in human neutrophils [@pone.0044606-Saffar2]. Results of our present study indicate that, as in human species, GCs also enhances equine neutrophil survival. In agreement with our observations, Cox and colleagues also reported that GC-induced survival was not associated with cell activation as assessed by IL-8 release in culture supernatant over 24 h and superoxide production. These findings differ from data obtained using neutrophils stimulated with LPS, where decreased apoptosis was associated with sustained pro-inflammatory cytokine production [@pone.0044606-Colotta1]. Future studies assessing the genomic and non-genomic effects of a combination of both agonists on fresh and 24 h-cultured neutrophils are of interest. Indeed, GCs are used therapeutically at times when stimuli such as LPS might also be present.

Results of our study do not support an attenuated response of neutrophils to GCs through the genomic pathway. Although GC effects on anti-inflammatory gene expression in immune cells were not assessed, this may warrant further investigation as a recent *in vitro* study reported that dexamethasone down-regulated secreted IL-1receptor antagonist more efficiently than IL-β in human TNF-α-stimulated neutrophils, inducing a pro-inflammatory shift in the cytokine balance [@pone.0044606-Langereis1]. This finding may contribute to GC-resistance observed in severe asthma or COPD. However, there are some highly GC-responsive neutrophilic conditions. For instance, GC are very efficient drugs in human Sweet's syndrome, an acute febrile dermatosis, characterized by a diffuse infiltration of mature neutrophils in the upper dermis [@pone.0044606-Cohen1]. In horses, GCs are commonly used for the treatment of heaves [@pone.0044606-Leclere2]. Despite a significant improvement in clinical signs, airway neutrophilia, a characteristic finding, persists after GC administration [@pone.0044606-Leclere2], [@pone.0044606-Lavoie1], [@pone.0044606-Lavoie2]. In light of our findings, an increase in neutrophil survival mediated by GCs is more likely contributing to persistence of these cells in tissues than an attenuated response of neutrophils to these drugs.

In conclusion, results from our study indicate that glucocorticoids exert genomic effects of similar magnitude in neutrophils and other blood leukocytes in both horses and humans. We therefore speculate that the poor response to corticotherapy observed in patients with severe asthma or COPD cannot be explained by a relative lack of inhibition of these drugs on pro-inflammatory cytokines expression in neutrophils. GC-resistant inflammatory diseases have been extensively studied during the last decade and several distinct molecular mechanisms contributing to decrease anti-inflammatory effects of GCs have now been identified. Among these mechanisms, an increase in the inactive isoform β expression of GR (GR-β) in GC-resistant inflammatory diseases has been proposed [@pone.0044606-Barnes1], [@pone.0044606-Barnes4]. Neutrophils highly express GR-β compared to other cell types [@pone.0044606-Strickland1]. Moreover, Hamid and colleagues recently suggested that an environment in which there is an increased level of interleukin-17 (IL-17) may influence GR-β signaling and steroid-responsiveness in asthmatic patients [@pone.0044606-VazquezTello1]. Future studies addressing potential direct or indirect effects of IL-17 on neutrophil GC-sensitivity would be of interest.
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